Summary and recommendations
From October 2006 the Association of Surgeons of Great Britain and Ireland, SARS, BAPEN Medical, the Intensive Care Society, the Association for Clinical Biochemistry and the Renal Association nominated core members of a steering committee who came together to establish consensus for good perioperative fluid prescribing. Concern arose from a high incidence of postoperative sodium and water overload, and evidence to suggest that preventing or treating this, by more accurate fluid therapy, would improve outcome.
The following recommendations are extracted from the complete document below.
Members of the steering committee used the definitions of the Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001) accessed from http://www.cebm.net/index.aspx?o=1025 to assign levels of evidence each of which, after debate, was accepted unanimously.
Distinction is made (a) between fluid and electrolytes required for normal existence (daily maintenance) and (b) for resuscitation or replacement of abnormal losses. No intravenous infusion should be continued simply because it is a "routine" component of clinical care. Food and fluids should be provided orally or enterally and intravenous infusions discontinued as soon as possible.
Prescribers need to understand the effects of surgical and metabolic stress on the renin-angiotensin-aldosterone system and on vasopressin elaboration. They must take care to assess the patient's sodium, chloride, potassium, and water requirements from a knowledge of the stress response and any current deficit or excess; they must take into consideration normal maintenance requirements and the expected composition of intestinal or other losses. Requirements thus calculated are to be met based on a quantitative knowledge of the sodium, chloride and potassium contents of the fluids prescribed. Prescription should not be made without such knowledge and no intravenous fluid should be regarded as intrinsically safe.
Nutrition should be assessed and cautiously maintained. The oedematous patient should be managed with particular care, in order to achieve successful negative sodium and water balance. 
Recommendation 1 Because of the risk of inducing hyperchloraemic acidosis in routine practice

Preoperative fluid management
Recommendation 4 In patients without disorders of gastric emptying undergoing elective surgery clear non-particulate oral fluids should not be withheld for more than two hours prior to the induction of anaesthesia.
Evidence level 1a [12] [13] [14] 
Recommendation 5
In the absence of disorders of gastric emptying or diabetes, preoperative administration of carbohydrate rich beverages 2-3 h before induction of anaesthesia may improve patient well being and facilitate recovery from surgery. It should be considered in the routine preoperative preparation for elective surgery. Evidence Level 2a [15] [16] [17] [18] [19] Recommendation 6 Routine use of preoperative mechanical bowel preparation is not beneficial and may complicate intra and postoperative management of fluid and electrolyte balance. Its use should therefore be avoided whenever possible. Evidence level 1a [20] [21] [22] 28, 33 Abdominal surgery: Evidence level 1a [30] [31] [32] 34, [48] [49] [50] 
Recommendation 14
Patients undergoing non-elective major abdominal or orthopaedic surgery should receive intravenous fluid to achieve an optimal value of stroke volume during and for the first eight hours after surgery. This may be supplemented by a low dose dopexamine infusion. Evidence level 1b [24] [25] [26] [27] 50, 51 Postoperative fluid, and nutritional management. Recommendation In 1959 Francis Moore coined the terms 'sodium retention phase' to describe the changes which accompany the flow phase of injury and 'the sodium diuresis phase' to describe the return of the normal ability to excrete sodium chloride and water, heralding recovery and convalescence. 75 These observations emphasised how the pathophysiology of the response to injury increased the vulnerability of surgical patients to errors in fluid and electrolyte administration, and the importance of prescribing fluids with a clear understanding of this response. Despite all this previous work, a UK study in 1997 showed that postoperative patients were frequently in positive fluid balance of 7 litres or more, with a positive sodium load of 700 mmol in the first few postoperative days. 76 Whilst the problem of salt and water overload is not new, the magnitude of the problem is recent. Although avoidance of perioperative hypovolaemia remains an essential requirement and preoperative intravascular optimization improves outcome, 24, 28, 29, [77] [78] [79] excessive fluid infusion leading to sodium, chloride and water overload is now becoming recognized as a major cause of postoperative morbidity and a contributory factor to length of hospital stay, organ failure and mortality. 80 In a review of US practice, Arieff reviewed 13 patients who died of postoperative pulmonary oedema; their mean postoperative fluid retention was 7 litres with a positive fluid balance greater than 67 ml/kg/day within the first 36 postoperative hours. 56 In the USA if all of the other comorbidities which might be associated with pulmonary oedema were subtracted there would be 8315 patients who died each year from pulmonary oedema in the absence of causes other than excessive fluid administration.
A telephone survey, 58 two prospective audits, 52, 59 and a postal survey of 710 consultant surgeons 57 have confirmed that preregistration house officers (Foundation Year 1 doctors) are commonly made responsible for fluid prescription, but that less than half of them or their SHOs know even the sodium content of "normal" saline. Too few check fluid balance charts regularly, or appreciate for example the need for fluid replacement if bowel preparation is employed. Some consultants recognize the problem and believe that better education is needed, although they lack consensus on optimal approaches to fluid and electrolyte replacement. 57 As well as drawing attention to the contribution of errors in fluid and electrolyte management to perioperative morbidity and mortality, the 1999 Report of the National Confidential Enquiry into Perioperative Deaths ascribed many of the errors to inadequate knowledge and training. 81 In this consensus document our objective is to provide a basis for good practice in adult patients and a resource for appropriate education which could be rolled out through our respective medical and surgical societies. th February 2007, a national meeting was held in March 2007 which brought together over fifty delegates expressing interest from the named societies who were pre-circulated with the basis of the core presentations. At this meeting delegates worked through a structured agenda of presentations, large and small group discussion, and graffiti exercises. The steering committee then drafted an initial document which was circulated to all delegates who attended in March and a number of others who expressed an interest subsequently. A total of 71 people were included in this process. Comments were collated to produce a further draft which was circulated to the steering committee who met again in September 2007. Presentations relating to the document were made at very well attended conference meetings of the Association of Surgeons and SARS, BAPEN Medical, and The Intensive Care Society during 2007 which further generated discussion and feedback. A penultimate draft was produced and circulated to the wider group for final comment prior before these comments were considered at a final meeting of the steering committee in March 2008 and incorporated into the final version.
The Consensus Process
Overview of normal sodium and water homeostasis
Fluid and electrolyte balance should not only be considered as the external balance between the body and its environment, but also the internal balance between the extracellular and the intracellular compartments, and between the intravascular and interstitial compartments of the extracellular fluid (Fig. 1 ).
The sodium intake of an adult varies with diet, but the UK Reference Nutrient Intake suitable for maintenance in normal adult males and females is 70 mmol/24 hours, which should be accompanied by about 1.5 to 2.5 litres (25 to 35 mL/kg/24h) of water.
11 Despite a wide variation in salt and water intake, in normal subjects the kidneys are able to maintain the extracellular fluid sodium concentration and osmolality within a narrow range. This is mainly achieved via the osmoreceptors and appropriate changes in vasopressin secretion affecting urinary concentration and free water clearance. In the presence of salt depletion the reninangiotensin-aldosterone system (RAAS) is activated with consequent reduction in urinary sodium to 5 mmol/L or less. Perhaps, due to the fact that our physiology has evolved in an environment with wide variations in water availability but a relative paucity of salt, the response to changes in water intake or to a low sodium intake is both rapid and efficient. In contrast, we have not been exposed during evolution to excessive salt intake or infusion until recent times, so that the response to sodium excess is sluggish and even normal subjects are slow to excrete an excess sodium load. 2, 4, 82 The excretion of excess sodium appears to be dependent on the passive and permissive suppression of the RAAS rather than any positive action of natriuretic hormone 83, 84 and is, therefore, slow. In addition studies have revealed that chloride ions cause renal vasoconstriction and reduce glomerular filtration rate resulting in sodium retention.
Overview of fluid and electrolyte therapy in injury, illness and starvation
It is important to distinguish between fluid and electrolytes required for normal existence (daily maintenance) and for resuscitation or replacement of abnormal losses.
Crystalloid solutions contain low molecular weight salts or sugars which dissolve completely in water and pass freely between the intravascular and interstitial compartments. Colloid solutions contain larger molecular weight substances that do not dissolve completely and, depending on their molecular size, structure and the permeability of the capillaries of the patient, remain for a longer period in the vascular compartment than crystalloid solutions. Several times more crystalloid than colloid is required to achieve the same degree of vascular filling, and because crystalloid solutions move rapidly into the interstitial compartment, a side effect of crystalloid resuscitation is more interstitial oedema than in colloid treated patients.
There have been many studies attempting to compare outcomes using 'colloids' or 'crystalloids' for volume replacement therapy. 86 Unfortunately there is widespread ignorance among doctors of the content and clinical properties of different colloids and crystalloids and it is incorrect to assume that all crystalloids and all colloids have similar properties. 87 Colloids in common use are gelatines, albumin and hydroxyethyl starches and all have a significant sodium and chloride content (Table  1) . In general gelatines have a low molecular weight and are rapidly excreted through the kidneys giving short term volume expansion. In health, 40% of albumin is in the intravascular space and leaks through the capillary pores at a rate of 5%/h, being returned to the circulation via the lymphatic system. This flux increases in inflammatory conditions including sepsis and surgery which, together with the cost, has led to a decreased use of albumin as a volume expander for resuscitation. Hydroxyethyl starch preparations have widely differing properties depending on their average molecular weight, the degree of hydroxyethyl group substitution of the starch polymer and the C2 to C6 substitution ratio. There are well recognized and documented differences in the pharmacokinetic properties of these colloids. 88 Because the choice of colloid is controversial, where recommendation is made in these guidelines for a 'suitable colloid,' the choice is left to the practitioner based on their own judgement and experience. However, it must be emphasized that because of the widely differing properties of colloids, care must be taken to ensure that sufficient water is given to avoid hyperoncotic states which may lead to acute kidney injury. 42 No intravenous solution is without risk, and it is essential that the practitioner reads and follows the product instructions carefully and understands its limitations.
As can be seen in Table 1 , with the exception of 5% dextrose solutions, almost all intravenous solutions contain sodium and chloride -some in near physiological concentrations of 140 mmol/L for sodium and 95 mmol/L for chloride, and others in supranormal amounts e.g. 154 mmol/L Na and 154 mmol/L Cl in 0.9% (so-called "normal") saline. Several studies have demonstrated that, in comparison with more physiological solutions such as Hartmann's, even healthy subjects find it difficult to excrete solutions with a high chloride content such as 0.9% saline, which can cause hyperchloraemic acidosis and reduced glomerular filtration rate (GFR). 2, 4, [89] [90] [91] For the injured or surgical patient it is even more difficult to excrete a salt and water load and to maintain normal serum osmolarity for several reasons.
1. The stress response to the injury or surgery causes anti-diuresis and oliguria mediated by vasopressin, catecholamines and the RAAS. Water and salt are therefore retained even in the presence of overload. The role of natriuretic peptides in this situation is unclear. 2. Following surgery, even when the serum osmolarity is reduced by administration of hypotonic fluid, the ability to excrete free water is limited 92, 93 because the capacity of the kidney to dilute, as well as to concentrate the urine, is impaired (see below). Thus excess free water infusion risks dilutional hyponatraemia. 3. If saline is infused, chloride overload accompanies sodium overload, and hyperchloraemia causes renal vasoconstriction and reduced GFR, 85, 94 further compromising the ability of the kidney to excrete sodium and water. 4. In more seriously ill surgical catabolic patients with significant co-morbidities and increased urea production, there is a reduced ability to concentrate urine. 95 As a consequence it requires two or more times the normal volume of urine to excrete a sodium and chloride load given in the perioperative period. Sodium and chloride excretion competes with excretion of nitrogen mobilized by the inflammatory response to surgery; a large proportion of the administered sodium, chloride and water is therefore retained as interstitial oedema. 96 5. Potassium depletion, due both to RAAS activity and the cellular loss of potassium which accompanies protein catabolism, reduces the ability to excrete a sodium load. 97 6. Acute kidney injury may occur due to abdominal compartment syndrome compressing the kidney externally 98-100 and increased intra-capsular pressure due to oedematous renal tissue. 101 7. A sustained increase in systemic capillary permeability allows albumin and its attendant fluid (18 ml for every gram of albumin) to leak into the interstitial space 77, 102, 103 into the interstitial space, thereby worsening interstitial oedema. This also causes intravascular hypovolaemia and further sodium and water retention by activation of the RAAS and secretion of vasopressin. 8. Intracellular sequestration of sodium and fluid due to lack of intracellular energy and failure of the cellular Na/K ATPase pump [104] [105] [106] may occur in trauma, shock 107 and fasting/malnutrition. 108 In severe cases this gives rise to the so-called sick cell syndrome. 104, 105 In recent years there has been major concern expressed in the context of paediatric practice about the risks of dilutional hyponatraemia when hypotonic solutions are infused, 109, 110 but even in children where the risks of hyponatraemia appear to be greatest, it seems best to stress that intravenous fluids should be used with care and knowledge, rather than denounce any particular solution entirely and risk over-infusion of sodium. 9, [111] [112] [113] In postoperative adults hyponatraemia can still occur when near-isotonic solutions are used. 10 In the absence of complications, oliguria occurring soon after operation is usually a normal physiological response to surgery. However, at the bedside a falling urine output is commonly interpreted as indicating hypovolaemia and prompts infusion of yet more sodium-containing fluids. This not only expands the blood volume (often unnecessarily) but also over-expands the interstitial fluid volume, causing oedema and weight gain, as well as causing haemodilution , resulting in reduced serum albumin concentration and reduced haematocrit. 2, 63, 82 The response to injury impairs the patient's ability to excrete the additional saline load, making interstitial oedema worse, compromising organ function and increasing the risk of morbidity and mortality. Confusion may also arise in the common context of dilutional hypoalbuminaemia and dilutional or euvolaemic hyponatraemia, both of which are erroneously taken as indications for more saline.
The key question is whether or not the oliguric patient has significant intravascular hypovolaemia which needs treatment. That can usually be decided on clinical grounds, but in more severe cases, and particularly intra-operatively, it may necessitate more invasive monitoring (see below -section 4). Clinical signs reflecting intravascular volume include capillary refill, jugular (central) venous pressure, and the trend in pulse and blood pressure. Urine output should be interpreted in the light of these clinical signs, bearing in mind the normal short term physiological effects of surgery on urine output. [1] [2] [3] [4] [5] [6] Recommendation 2 Solutions such as 4%/0.18% dextrose/saline and 5% dextrose are important sources of free water for maintenance, but should be used with caution as excessive amounts may cause dangerous hyponatraemia, especially in the elderly. These solutions are not appropriate for resuscitation or replacement therapy except in conditions of significant free water deficit e.g. diabetes insipidus. Evidence level 1b [7] [8] [9] [10] 
Assessment of fluid requirements
There follow guidelines for managing the common haemodynamic and fluid and electrolyte problems associated with the pre-, peri-and post-operative periods. For many surgical procedures, the assessment of fluid requirements will be straightforward, relying on the usual clinical parameters. Although the gold standard for volume replacement is invasive cardiac monitoring (see below), especially in high dependency patients, in most cases fluid requirements have to be assessed and monitored using the usual clinical approach of history, clinical examination and investigations 114 ( Table 2) . No symptom or sign is pathognomonic in isolation so that a proper assessment can only be made using a combination of different variables interpreted in the light of an understanding of the underlying pathophysiology. Changes over time in any variable or the response to an appropriate fluid challenge are usually more significant than any isolated measurement. Table 2 outlines some of these variables and their possible significance.
Before any intravenous fluid is prescribed, whether for resuscitation, replacement of ongoing losses, or just maintenance, the following should be considered:
a. Clinical assessment of the patient's fluid status, i.e. is there a deficit requiring replacement or does the patient need maintenance fluids only. b. Where a fluid deficit is identified (e.g. haemorrhage or vasodilatation, diarrhoea or vomitus, insensible or renal losses), the nature of the fluid deficit must be identified. c. The type of fluid which will best treat the deficit or maintain euvolaemia. 
Flow guided fluid therapy
Historically, intravenous fluid administration to treat hypovolaemia has been guided by measurements of pulse rate, arterial pressure and central venous pressure. However, this approach seems to lack sensitivity and specificity in identifying volume deficit, leading to both inadequate and excessive fluid administration (See section 6). Thus while the pattern of change in heart rate, arterial pressure and central venous pressure remain helpful markers of the effects of fluid administration on vascular filling they are influenced by other factors and do not have a linear relationship with cardiac output or tissue perfusion. The absolute values of these parameters may therefore fail to provide a reliable indication of the need for intravenous fluid administration.
Because of the Frank-Starling relationship between cardiac filling pressure and stroke volume, the latter more reliably reflects vascular filling and hence fluid requirement. With the availability of minimally invasive techniques for measurement of stroke volume and cardiac output, using trans-oesophageal Doppler or pulse contour analysis, it has been possible to tailor fluid requirements more precisely to the needs of the individual patient. Clinical trials have demonstrated that fluid therapy guided by measurements of stroke volume and cardiac index result in significantly better clinical outcomes than those associated with traditional intraoperative monitoring. The beneficial effect is likely to relate to the early tailoring of fluid administration to the requirements of the individual patient rather than the blanket administration of extra fluid.
Maintenance requirements
In the adult, daily maintenance requirements are usually the reference nutrient intake (RNI) 70mmol sodium, and 1500-2500 ml water. In the absence of kidney disease or hyperkalaemia potassium needs to be provided in amounts close to the RNI for adults (40-80 mmol/day) -bearing in mind that in the unfed, low insulin state potassium may equilibrate more slowly with the intracellular space than when insulin or nutritionally significant amounts of carbohydrate are being administered. 6 Recommendations for preoperative fluid management a) Euvolaemia -maintenance Although most patients undergoing elective surgery will derive their preoperative fluids from normal oral intake, those undergoing emergency surgery may require fluid and electrolytes parenterally for both replacement and maintenance. Judgements in practice will be based on clinical parameters such as, jugular (central) venous pressure, pulse, blood pressure, capillary refill, the presence of oedema -and on fluid balance charting.
b) Preoperative fasting
Patients should be screened nutritionally preoperatively and if malnourished consideration should be given to perioperative nutritional support (see page 29). It is also important that patients are adequately hydrated prior to surgery. The traditional axiom of the need to withhold all oral diet and fluids overnight prior to induction of anaesthesia has been reviewed and expert guidance, issued both in North America 12 and in the UK 14 now considers it unnecessary and undesirable to restrict access to clear, non-particulate fluids for more than two hours prior to induction of anaesthesia. These guidelines have since been supported by a Cochrane collaboration review 13 reporting the results of 22 trials in which a relaxation of the period of preoperative fasting, as indicated above, failed to alter significantly the volume or pH of gastric secretions (although aspiration and regurgitation were seldom reported and studies excluded patients at particular risk of morbidity related to aspiration).
Recommendation 4
In patients without disorders of gastric emptying undergoing elective surgery clear non-particulate oral fluids should not be withheld for more than two hours prior to the induction of anaesthesia. Evidence level 1a [12] [13] [14] c) Preoperative administration of carbohydrate-rich beverages Relaxation in the required duration of preoperative fasting has led to studies of the effect of nutrients upon patient well being and outcome after surgery. Preoperative oral administration of solutions of carbohydrate oligomers has been shown in several trials to attenuate preoperative thirst, anxiety and postoperative nausea and vomiting. It also substantially reduces postoperative insulin resistance, thereby improving the efficacy of postoperative nutritional support. 
d) Bowel preparation
Many patients undergoing colonic surgery receive agents designed to empty the colon of solid faeces. Although mechanical bowel preparation was previously considered the cornerstone of safe colorectal surgery, 20 the use of powerful laxative agents to empty the colon has significant adverse effects on perioperative fluid balance 115 and the benefits may be less clear than previously thought. Although surveys have shown that the majority of colorectal surgeons in the UK, USA and Scandinavia continue to use mechanical bowel preparation, 116, 117 this results in dehydration and derangement of plasma electrolyte concentrations, even in previously healthy patients. 22 Unless corrected preoperatively, these fluid and electrolyte derangements may complicate intra-and postoperative fluid management. This may exacerbate hypovolaemia after induction of anaesthesia, necessitating intraoperative over-replacement and causing retention of fluid in the extravascular space and postoperative oedema. Since mechanical bowel preparation may actually increase anastomotic leak rates and has failed to show any benefit in terms of reducing postoperative complication rates, 21 consideration should be given to avoiding mechanical bowel preparation in routine colorectal surgery. In those cases in which mechanical bowel preparation is deemed appropriate, simultaneous intravenous fluid therapy should be administered to minimize the resulting fluid and electrolyte derangement.
Recommendation 6 Routine use of preoperative mechanical bowel preparation is not beneficial and may complicate intra and postoperative management of fluid and electrolyte balance. Its use should therefore be avoided whenever possible.
Evidence level 1a [20] [21] [22] 
Recommendation 7 Where mechanical bowel preparation is used, fluid and electrolyte derangements commonly occur and should be corrected by simultaneous intravenous fluid therapy with Hartmann's or Ringer-Lactate/acetate type solutions. Evidence level 5 e) Replacement of Fluid Losses
Fluid replacement should be appropriate to the fluid deficit (e.g. pure dehydration, lack of salt and water, or intravascular hypovolaemia). Replacement is also needed in salt losing renal, or endocrine disease. Increased evaporation, for example from hyperventilation, non-humidified face masks, open wounds or excessive sweating, results in proportionately greater need for free water replacement. Table 3 gives the approximate electrolyte content of secreted body fluids, allowing an estimate of replacement needs, over and above maintenance requirements, when these are lost. 23 Thus, after correction of any current intravascular hypovolaemia (see below), the patient's daily infusion should comprise: i) Maintenance requirements for water and electrolytes ii) Replacement of water and electrolytes to correct external losses of body fluids from gastric aspirate, vomitus, diarrhoea, intestinal stoma output or enterocutaneous fistulae; or internally e.g. from pooling of fluid in the gut from ileus or obstruction. iii) Correction of any continuing intravascular fluid loss, e.g. from serous losses into wounds or increased albumin escape rate due to inflammation.
It is sometimes forgotten that, in the presence of hypovolaemia, the efficient mechanism for maintaining serum osmolality in normal subjects is superseded by the need to preserve volume, so that the kidney retains whatever volume or composition of fluid is infused. 93 If that fluid is hypotonic there is a risk, particularly in the elderly, of causing hyponatraemia and its clinical consequences. 118 
Recommendation 8 Excessive losses from gastric aspiration/vomiting should be treated preoperatively with an appropriate crystalloid solution which includes an appropriate potassium supplement. Hypochloraemia is an indication for the use of 0.9% saline, with appropriate additions of potassium and care not to produce sodium overload.
Losses from diarrhoea/ileostomy/small bowel fistula/ileus
f) High risk surgical patients
It is now well recognized that around 15% of patients undergoing in-patient surgical procedures are at particular risk of complications and death. 119, 120 Factors which place such patients at increased risk relate both to the patient and to the surgical procedure and include advanced age, the presence of co-morbid disease, major and emergency procedures. At present only a minority of such patients are admitted to critical care in the perioperative period. 119, 121 Optimal perioperative fluid management is of great importance in improving outcomes for the high-risk surgical patient. There is also a growing body of evidence to suggest that the use of low dose inotropic therapy may also be of benefit in selected cases. 51 Preoperative 'goal directed haemodynamic therapy' using protocols incorporating fluid and inotropic therapy to achieve predetermined goals for cardiac output and systemic oxygen delivery in very high-risk surgical patients has been shown to improve outcome. [24] [25] [26] [27] However, such an approach in high risk surgical patients has not been widely implemented, mainly because of the problems associated with arranging preoperative admission to intensive care. In the UK current practice focuses on the optimal fluid management of patients during surgery. In addition, for high-risk patients the use of early postoperative Goal Directed Haemodynamic Therapy may also offer additional benefit.
Recommendation 9 In high risk surgical patients preoperative treatment with intravenous fluid and inotropes should be aimed at achieving predetermined goals for cardiac output and oxygen delivery as this may improve survival.
Evidence level 1b [24] [25] [26] [27] g) Fluid resuscitation prior to urgent or emergency surgery Patients requiring urgent or emergency surgery may present with a widely differing pattern of fluid and electrolyte deficit or redistribution e.g. from haemorrhage, sequestration of fluid within the gut and widespread capillary leak due to sepsis. Although the primary aim of preoperative preparation is to ensure adequate tissue perfusion and oxygenation, there may be little time for detailed assessment and fluid resuscitation.
The initial fluid and blood product requirement may have to be based on clinical criteria alone (Table 2 ). These include pulse rate, respiratory rate, arterial pressure, urine output, conscious level (Glasgow coma score), capillary refill time and the presence of peripheral cyanosis. Under these circumstances, clinical measures of end-organ function such as urine output and Glasgow coma score are particularly important and although less sensitive than flow based assessments of vascular filling, should be carefully assessed in the context of the individual patient. Arterial (or venous) blood gas analysis allows confirmation of a clinical impression of hypoperfusion as evidenced by an increasing base deficit or increased plasma lactate concentration. These biochemical markers are easily assessed and of great prognostic value. 122 It is important to make regular adjustments based on changes in the clinical parameters which first indicated hypovolaemia.
Infusion of boluses of 250 ml of hypertonic crystalloid or colloid has been shown to have some benefit in trauma patients, especially those with head injuries. 
Recommendations for intra operative fluid management
The basic principle of maintaining adequate tissue perfusion must continue to be followed during surgery. However, this is influenced by a number of factors including the vasodilatory effects of anaesthesia, blood loss, the hormonal response to surgery, increased capillary permeability and albumin escape rate, and increased insensible losses.
A number of single centre trials have evaluated flow guided intra-operative fluid therapy for patients undergoing orthopaedic 28, 33 and abdominal surgery. [30] [31] [32] 34, 48 Recent meta-analyses suggest this approach is associated with reductions in the duration of postoperative hospital stay and complication rates, although not mortality. 49, 50 Those studies of patients undergoing abdominal surgery have identified an earlier return to enteral feeding associated with flow directed fluid therapy. 31, 32, 49, 50 This observation may be explained by a reduction in mesenteric hypoperfusion and therefore postoperative ileus. 126 
Recommendation 13
In patients undergoing some forms of orthopaedic and abdominal surgery, intraoperative treatment with intravenous fluid to achieve an optimal value of stroke volume should be used where possible, as this is likely to reduce postoperative complication rates and duration of hospital stay. Orthopaedic surgery: Evidence level 1b 28, 33 Abdominal surgery: Evidence level 1a [30] [31] [32] 34, [48] [49] [50] Very few published data are available to guide fluid management of patients undergoing urgent and emergency surgery. However, in some studies of goal directed haemodynamic therapy a subgroup of patients recruited underwent emergency surgery and appeared to benefit from this approach. [30] [31] [32] 48, 51 This is also supported by related research which describes significant improvements in survival when goal directed haemodynamic therapy is utilised early in the management of medical and surgical patients presenting to hospital with severe sepsis and septic shock. 127 Further research is required to confirm this impression.
Recommendation 14
Patients undergoing non-elective major abdominal or orthopaedic surgery should receive intravenous fluid to achieve an optimal value of stroke volume during and for the first eight hours after surgery. This may be supplemented by a low dose dopexamine infusion. Evidence level 1b 24-27,51
Recommendations for postoperative fluid management
It is essential that the haemodynamic state of the patient is assessed when they arrive on the ward, HDU or ICU. Before deciding the postoperative fluid regimen, adjustment must be made for the volume and content of fluids given pre operatively and perioperatively together with perioperative fluid losses. A frequent mistake is to implement a standard postoperative fluid regimen instead of tailoring it to the individual patient's needs. This is partly because details of fluid balance are often poorly recorded on several different documents. It is important to recognize the point where adequate replacement or resuscitation has been achieved and the goal changes to fluid and sodium mobilisation. Overloading with fluids is frequently caused by continuing a replacement regime for longer than necessary.
Postoperatively almost all patients will be in positive sodium and fluid balance often reflected by interstitial oedema, and the aim should be to restore the patient to their normal weight and extracellular volume status. Provided the patient is euvolaemic, the aim should be to allow cautious net excretion of the excess salt and water. The postoperative fluid regime should be considered in relation to the current balance due to prior fluid treatment pre-and intra-operatively. Adjustment should also be made for perioperative fluid losses and the haemodynamic state of the patient when they arrive on the ward, HDU or ICU. The difficulties associated with preoperative admission to intensive care have resulted in a recent change in focus for goal directed haemodynamic therapy. The findings of a recent single centre trial suggest that a postoperative Goal Directed Haemodynamic Therapy protocol designed to achieve a predetermined goal for systemic oxygen delivery for the first eight hours after surgery may significantly reduce complication rates for high-risk surgical patients. 51 These findings are supported by those of two similar trials in cardiac surgical patients 34, 62 as well as a currently unpublished meta-regression analysis of perioperative low dose dopexamine infusion. 51 The protocol utilised cardiac output monitoring to achieve an optimal value of stroke volume with intravenous fluid and in addition, for those patients who did not achieve the oxygen delivery goal, low dose dopexamine was added. Importantly, the use of low dose inotropic therapy is not associated with any increase in the risk of myocardial ischaemia 61 which has been a concern with some of the previous Goal Directed Haemodynamic Therapy protocols.
Recommendation 20
In high risk patients undergoing major abdominal surgery, postoperative treatment with intravenous fluid and low dose dopexamine should be considered, in order to achieve a predetermined value for systemic oxygen delivery, as this has been shown to reduce postoperative complication rates and duration of hospital stay. Evidence level 1b 34, 51, [60] [61] [62] (a) Treatment of postoperative oedema Postoperative oedema reflects accumulation of salt and water in the interstitial space and is associated with positive fluid balance and increase in weight. Potassium depletion and hyperchloraemia make mobilization of oedema more difficult. In the critically ill, oedema due to overloading of the interstitial space with salt and water can coexist with intravascular hypovolaemia. The approach to treatment is to treat intravascular hypovolaemia (section 4g) and then aim for a negative overall fluid and sodium balance. In severe cases the latter can be assessed by comparing intake with estimated losses based on measurement of sodium urine concentration and excretion: excretion should exceed intake. Diuretics should be avoided altogether or used with great caution in order to avoid a sudden reduction in the circulating blood volume. Daily weighing of the patient, when possible, allows the efficacy of oedema mobilization to be assessed.
Starving and undernourished patients are intolerant of excess salt and water. In starvation with significant weight loss, the extracellular fluid volume occupies a higher percentage of the body composition than in normal subjects i.e. it is expanded relative to lean and fat mass. Though refeeding of such individuals is associated initially with additional salt and water retention as part of the refeeding syndrome, improved nutrition is necessary in order to restore to normal the intracellular/extracellular partitioning of sodium, potassium and water. 128 
Recommendation 21
In patients who are oedematous, hypovolaemia if present must be treated, ( 129 In most patients who are eating and drinking enough, intravenous fluids should be discontinued, unless required for a specific purpose. Nutritional support should be by the simplest, safest, most cost-effective approach acceptable to the patient. Oral feeds should be favoured over enteral tube feeds, which should be preferred to parenteral nutrition.
The consensus group accepts the NICE guidelines on perioperative nutritional support, 64 and summarises the position as follows: • Patients who are significantly malnourished and are due to undergo major abdominal surgery should be considered for preoperative nutritional support.
• Oral intake should be resumed as soon as possible after surgery. Following colorectal and some other abdominal surgery, oral intake is usually possible within 24 hours. The patient should be monitored carefully for any signs of nausea or vomiting.
• Postoperatively, only malnourished patients should receive enteral tube feeding within 48 hours of surgery.
• Parenteral nutrition should be reserved for malnourished patients who cannot be fed via the intestine preoperatively, and for patients who remain unable to eat or receive enteral feeds 5 days after abdominal surgery.
The consensus group concludes that critical illness is best managed with early (first 24 hours) nutritional support preferably by the enteral route, 130, 131 or if this is not possible, parenterally. 132 Nutritional management of more complicated cases needs to take into consideration (a) the effects of malnutrition, and (b), the effects of refeeding, on water and electrolyte partitioning. Except during the early stages of fasting in obesity when there is a brief natriuresis, sodium tends to be conserved during starvation relative to the urinary excretion of potassium. Patients with severe weight (and therefore total body potassium) loss are intolerant of excess salt and water. In starvation with significant weight loss, the extracellular fluid volume is expanded relative to lean and fat mass. Refeeding of such individuals is associated with additional salt and water retention as part of the refeeding syndrome.
Potassium is the dominant intracellular and sodium the dominant extracellular cation, but because in severe illness or malnutrition there is impairment of the Na/K ATPase pump, sodium tends to move into the cells and K out, a process which is related to surgical mortality. 133 Conversely, refeeding the depleted patient is associated with rapid cellular uptake of potassium and phosphate and exhaustion of limited thiamine stores leading to the refeeding syndrome unless appropriate supplements of potassium, phosphate and thiamine are given. 134 NICE criteria 64 for identifying patients at risk of refeeding syndrome are summarized in Table 4 .
The prescription for people at high risk of developing refeeding problems should consider the following taken from NICE Guidelines, Nutrition Support in Adults, but note with caution the high potassium recommendations. 64 • Starting nutrition support at a maximum of 10 kcal/kg/day, increasing levels slowly to meet or exceed full needs by 4-7 days.
• Possibly (consensus group addition because such a cautious approach may need to be balanced against the timescale of surgical priorities) using only 5 kcal/kg/day in extreme cases (for example, BMI less than 14 kg/m 2 or negligible intake for more than 15 days) and monitoring cardiac rhythm continually in these people and any others who already have or develop any cardiac arrhythmias.
• Restoring circulatory volume and monitoring fluid balance and overall clinical status closely • Providing immediately before and during the first 10 days of feeding: oral thiamine 200-300 mg daily, vitamin B compound strong 1 or 2 tablets, three times a day (or full dose daily intravenous vitamin B preparation, if necessary) and a balanced multivitamin/trace element supplement once daily • Providing oral, enteral or intravenous supplements of potassium (likely requirement 2-4 mmol/kg/day), phosphate (likely requirement 0.3-0.6 mmol/kg/day) and magnesium (likely requirement 0.2 mmol/kg/day intravenous, 0.4 mmol/kg/day oral) unless pre-feeding plasma levels are high. Pre-feeding correction of low plasma levels is unnecessary.
Recommendation 23
Patients should be nutritionally screened prior to surgery, and NICE guidelines for perioperative nutritional support adhered to. Care should be taken to mitigate risks of the refeeding syndrome. Evidence level 5: NICE guidelines 64 9 Fluid m a na ge m ent a nd a c ute kidne y injury
Identifying the optimal fluid prescription for surgical patients remains an ongoing challenge for medical practitioners. Failure to prescribe adequate intravenous fluid can place a patient at risk of developing acute kidney injury (AKI) secondary to hypovolaemia. AKI occurring after surgery has been demonstrated to be associated with a significant increase in patient morbidity and mortality. 135, 136 Acute kidney injury is best considered as a rapid reduction in kidney function resulting in a rise in serum creatinine ≥ 25 μmol/L or a 1.5 fold increase from the baseline value. Any patient meeting these criteria should have a thorough clinical evaluation to exclude a cause of pre-or post-kidney AKI. The prescription chart should be reviewed to identify any potentially nephrotoxic drugs.
Urine output can be difficult to interpret following surgery for the first 24 hours due to the physiological response to preserve salt and water. Oliguria is recognized as a urine output < 0.5 ml/kg/hr. Isolated oliguria soon after surgery does not necessarily reflect hypovolaemia and should be evaluated in the context of the patient's volume status.
Treatment of hypovolaemia in surgical patients with AKI should follow similar principles to those outlined for patients with normal renal function. However, there are some provisos; it must be recognised that patients developing pre-kidney AKI secondary to hypovolaemia will try to conserve salt and water resulting in a reduced urine output. In this setting there will be reduced capacity to excrete fluid and electrolytes. Excessive administration of salt and water will result in interstitial oedema and a greater risk of developing hyperkalaemia. Early referral to the renal team is recommended to help with clinical evaluation of the patient's volume status and appropriate fluid management.
Traditionally there has been concern in prescribing fluids containing potassium to patients with AKI due to the risks of precipitating hyperkalaemia. Ringer's lactate has been demonstrated to be safe for plasma volume expansion in patients undergoing renal transplantation. 1 In this small study patients receiving 0.9% saline had an increased incidence of metabolic acidosis and hyperkalaemia compared with patients receiving Ringer's lactate.
The question has been raised as to whether different colloid solutions may pose a risk of AKI. It is certainly important to prescribe adequate crystalloid when administering colloid solutions to avoid inducing a hyperoncotic state. However, there are data that have demonstrated higher molecular weight hydroxyethyl starch (hetastarch and pentastarch MW ≥ 200 kDa), is associated with an increased risk of AKI in critically ill patients with sepsis. 67, 69 A further study has reported that kidneys retrieved from brain-dead organ donors who received hydroxyethyl starch (MW 200 kDa), developed osmotic-nephrosis-like lesions and had impaired immediate kidney function. 66 In contrast a large multicentre observational study of critically ill patients showed administration of HES had no influence on renal function or the need for renal replacement therapy in the ICU, 137 and there is evidence of improved renal function with low molecular weight HES (6% 130/0.4) compared with gelatine in vascular surgery. 40 Rhabdomyolysis (Crush Syndrome) has many causes including direct muscle trauma and compartment syndrome. Cell lysis results in release of myoglobin which is freely filtered by the kidneys and in the setting of hypovolaemia and acidosis can cause AKI. Effective management requires aggressive fluid resuscitation with a crystalloid solution. 69 There is limited clinical evidence to support the common practice of alkalinising the urine through the administration of sodium bicarbonate solution. * The properties of fluids may vary depending on the manufacturer. + These are approximations only. The duration of clinically effective volume expansion will vary depending on several factors including, how volume expansion is defined, the rate of in vivo degradation and excretion of the fluid and the systemic capillary permeability of the individual patient. Note: most hospitals are trying to reduce or eliminate ward-based additions to intravenous infusions, including potassium. 5% Dextrose, dextrose-saline and 0.9% normal saline solutions are readily available with added potassium and may be required for this purpose. Care must always be taken to balance sodium needs (maintenance and replacement) with the sodium load infused. Pallor and sweating, particularly when combined with tachycardia, hypotension and oliguria are suggestive of intravascular volume deficit, but can also be caused by other complications, e.g. pulmonary embolus or myocardial infarction.
Skin turgor
Diminished in salt and water depletion, but also caused by ageing, cold and wasting. Dry mouth Usually due to mouth breathing, but compatible with salt and water depletion. Sunken facies May be due to starvation or wasting from disease, but compatible with salt and water depletion.
Serum biochemistry
Indicates ratio of electrolytes to water in the extracellular fluid and is a poor indicator of whole body sodium status. Hyponatraemia most commonly caused by water excess. If change in water balance over 24 h is known, then change in serum sodium concentration can guide sodium balance. Hypokalaemia nearly always indicates the need for potassium supplementation. Blood bicarbonate and chloride concentrations measured on point of care blood gas machines are useful in patients with acid-base problems including iatrogenic hyperchloraemia. Urine biochemistry Urine sodium concentration reflects renal perfusion and a low value (< 20 mmol/L) indicates renal hypoperfusion. Measurement of urine sodium allows assessment of postoperative sodium mobilisation (see text) Urine potassium measurement is helpful in assessing the cause of refractory hypokalaemia. Urine urea excretion increases several fold in catabolic states (e.g. sepsis) and is an indication for provision of additional free water to avoid hypernatraemia and uraemia. 66 Nutritional support should be by the safest, simplest, most cost effective approach acceptable to the patient. Favour oral over enteral and enteral over parenteral feeding.
• Nutrition support should be considered in people who are malnourished, as defined by any of the following: • A BMI of less than 18.5kg/m 2 .
• Unintentional weight loss greater than 10% within the last 3-6 months • A BMI of less than 20kg/m 2 and unintentional weight loss greater than 5% within the last 3-6 months.
Nutrition support should be considered in people at risk of malnutrition who, as defined by any of the following • Have eaten little or nothing for more than 5 days and/or are likely to eat little or nothing for the next 5 days or longer • Have a poor absorptive capacity, and/or have high nutrient losses and/or increased nutritional needs from causes such as catabolism. Patient has one or more of the following:
• BMI less than 16 kg/m 2
• unintentional weight loss greater than 15% within the last 3-6 months
• little or no nutritional intake for more than 10 days
• low levels of potassium, phosphate or magnesium prior to feeding
Or pa tie nt ha s two or m ore of the following:
• BMI less than 18.5 kg/m 2
• unintentional weight loss greater than 10% within the last 3-6 months
• little or no nutritional intake for more than 5 days a history of alcohol abuse or drugs including insulin, chemotherapy, antacids or diuretics VI. Figures: Figure 1 : Body water compartments. The ability of a solution to expand the plasma volume is dependent on the volume of distribution of the solute, so that while colloids are mainly distributed in the intravascular compartment, dextrose containing solutions are distributed through the total body water and hence have a limited and transient volume expanding capacity. Isotonic sodium-containing crystalloids are distributed throughout the extracellular space and in practice the efficiency of these solutions to expand the plasma volume is only 20-25%, the remainder being sequestered in the interstitial space. 
